Use of agrochemicals in agricultural activity can lead to environmental contamination and affect non-target organisms including amphibians. In northern part of Thailand, there are many areas where agrochemicals, specifically herbicides, have been used for a long time. In this study, the rice frog Fejervarya limnocharis was used as a sentinel species to monitor potential relationship between agricultural activity, in form of herbicide utilization, and altered morphometric and gravimetric parameters. Frogs were field-collected on monthly basis during July 2010-June 2011 from a paddy field with intensive herbicide usage and a reference organic paddy field with no history of herbicide usage. Frogs were subjected to morphometry and gravimetry of liver, kidney, gonad and body. The results showed that condition factor of frogs in the contaminated site were significantly lower than those in the reference site, indicating potential impact on overall health. The gravimetric results showed that liver weight of frogs from the contaminated site were significantly higher than those in the reference site, indicating potential exposure to xenobiotics. There was no significant difference in kidney and testicular weight between these two sites. However, the frog from the impacted site had significantly higher ovarian weight than those from the reference site, indicating potential exposure to estrogenic substance. Overall, the results of this study could be used as early warnings of environmental health problems for other vertebrates living near the agricultural areas including human.
Introduction
Currently, environmental contamination has become one of the global environmental problems occurring in all over the world. The sources of contamination include both industrial and agricultural activities. In agriculture, use of agrochemicals, especially pesticides, is regarded as one of the prominent means of environmental contamination due to the limit capability of agrochemicals to be degraded in nature. When the pesticides are used intensively and continuously for a long time, their residues are likely to be present in the agricultural areas. Nontarget organism living in these areas is thus susceptible to an exposure with the pesticide residues and an adverse effect from this contamination [1] .
Pesticide contamination may affect on any vertebrates living in vicinity of the agricultural areas including human. Therefore it is essential to monitor the extent of contamination in physical environment as well as in a representative vertebrate living in the affected area. Also, since non-human vertebrates share several similar structures and function of their organs to those of human, monitoring adverse changes in the animal life could be used as an early warning sign of potential impacts from pesticide contamination to human, making it a sentinel species for environmental health hazards [2] .
Amphibians are regarded as one of a suitable sentinel species for environmental contamination. Their natural habitats include agricultural areas where they can be exposed to pesticides [3] . Their existence both in water and on land makes them susceptible to pesticide exposure through several routes, especially through their semipermeable skin [4] [5] [6] . Studies on morphology and population of amphibian can thus be used to evaluate the long-term impact of pesticide contamination on vertebrates [7] [8] [9] . In addition, since amphibian decline has become a global problem for a few decades and the en-vironmental contamination is regarded as the main cause of amphibian decline in agricultural areas [10] , study on amphibian response to contamination can also serve as contribution to global amphibian decline problem by elucidating whether the decline is due to chemical contamination, climate change, infection, habitat destruction, or synergistic of these factors [11] .
In Thailand, especially Nan Province in the north, there are a lot of agricultural areas where pesticides have been used for a long time. Most of pesticides used in this area include herbicides namely atrazine, glyphosate and paraquat. Atrazine is a known endocrine-disrupting chemicals that can affect on reproductive system of amphibians [12] [13] [14] [15] [16] while glyphosate and paraquat are also found to show similar adverse effect on amphibians [17, 18] . Since these herbicides have been intensively used in agricultural areas of Nan Province, the frogs that lived in these areas were unavoidably exposed to the herbicides. Therefore, it is interesting to examine whether utilization of these herbicides will have any impact on the amphibians living in these areas.
In this study, the rice frog Fejervarya limnocharis was used as a sentinel species of environmental health effects from the agricultural activity, in form of herbicide utilization, since stable population of F. limnocharis can be found in the agriculture areas making it susceptible to long term exposure and accumulation of xenobiotics [19] . Morphometric and gravimetric parameters of the rice frog living in paddy fields with different degree of herbicide utilization were examined in order to test for influence of herbicide contamination on non-target organisms.
Material and Methods

Study Sites and Field-Sample Collections
Frogs were field-collected during July 2010-June 2011 from two areas including 1) a contaminated site which is a paddy field with intensive herbicide usage (location: 47Q 068772, UTM 2054283) and 2) a reference site which is an organic paddy field with no history of herbicide utilization (location: 47Q 0686779, UTM 2047187). These two sites are approximately 7.15 km far from each other. Although several chemicals were used in the contaminated paddy field, previous report indicated that more than 92% (or approximately 1172.7 tons) of agrochemicals used in agricultural areas at Nan Province was herbicide [20] . The commercially available products of herbicides (atrazine, glyphosate and paraquat) that have been used in the contaminated site ranged from 3.63 to 14.13 L/hectare [20] . Prior study indicated that atrazine residue (0.15 mg/L) was found in surface water at the contaminated agricultural area, while no herbicide residue was found in the reference area [21] . Male, female and juvenile frogs were collected by hand at night during visual encounter survey [22] on monthly basis. The physical factors including temperature, soil pH, and relative humidity were recorded when the frogs were collected.
Morphometric and Gravimetric Analysis
After transportation to laboratory, frogs were euthanized by immersion into 0.5% MS-222 solution. Snout-vent length (SVL) and body weight (BW) of each frog was recorded, and weight of liver, kidney, and gonad (ovary or testis) of each frog were measured after dissection. These organs were preserved in 10% neutral buffer formalin for further study.
Overall health of frog populations was evaluated based on condition factor (CF) [23] , an indicator of overall health previously used in this frog species [24] . Briefly, relationship between logarithm of body weight (BW) and logarithm of snout-vent length (SVL) was determined by regression analysis and represented in an Equation (1) .
Afterward, the condition factor was calculated from the Formula (2).
In addition to the condition factor, constant b is a scaling coefficient or an indicator of growth pattern of a population.
Gravimetric analysis was used to examine change in status of each organ. Hepatosomatic index (HSI), renosomatic index (RSI), and gonadosomatic index (GSI) as determined from relative weight: (organ weight × 100/ body weight), of liver, kidney, and gonad to the body weight respectively.
Statistical Analysis
All parameters were tested for normal distribution and homogeneity of variance. The condition factors of frog in contaminated site and reference site were compared by non-parametric test (Mann-Whitney rank sum test). Hepatosomatic, renosomatic and gonadosomatic indices were compared between sites by two-way analysis of variance (ANOVA), when site was a major independent factor and season was a second independent factor. In case the significant difference between sites was found, multiple comparison was carried by Student-Newman-Keuls methods.
Results and Discussion
Physical Factors in Study Sites
The physical factors of the study site including soil pH (6.00 -7.00), temperature (18˚C -28˚C), relative humidity (73% -96%), were not significantly different between sites. During the field surveys, evidence of herbicide (atrazine, glyphosate and paraquat) utilization in contaminated site was observed by researchers. Therefore, apart from herbicide utilization, physical factors and agricultural activities were similar at these study sites.
Condition Factor of the Rice Frogs
The weight-length relationship of F. limnocharis from contaminated and reference sites are shown in Figure 1 . The scaling coefficient of frogs in contaminated site (3.2088) is different from those in the reference site (3.0687) indicating different growth pattern between these two populations of frogs living in agricultural areas with different degree of herbicide utilization. This findings agree with several prior reports in which herbicides, especially atrazine, was believed to disturb development and growth pattern of amphibian [14, [25] [26] [27] . In addition, it was found that the condition factor of frogs in contaminated site (99.65 ± 12.26) was significantly lower than those in the reference site (102.16 ± 11.696) (MannWhitney rank sum test, p < 0.05). The different in condition factor or an indicator of overall health status illustrated that if the body length (SVL) of frogs are equal, frogs from the contaminated site would be lighter or smaller than frogs from the reference site. Since the smaller frogs could be easily captured as a prey in food chain [14] , the CF could indicate lower fitness of frogs living in the contaminated area. Since other factors such as climate, geography, agricultural activities and physical factors are similar between these two sites, it seems that utilization of herbicides could affect overall health of the frogs. This is supported by previously published articles in which herbicides utilization was found to increase environmental stressors [9] , cause toxic effect to the frog [28] or disrupt growth hormone secretion [14] .
Gravimetric Parameters of the Rice Frogs
In this study, frogs were groups according to sampling period into 4 groups including late wet period (July 2010), early dry period (October 2010), late dry period (January 2011) and early wet period (April 2011). Gravimetric analysis of frogs by two-way ANOVA showed significant difference between sites as well as between sampling periods in several parameters.
The hepatosomatic indices (HSI) were significantly higher in the contaminated site frogs compared to those in the reference site for both male (Figure 2 ; overall least (Figure 3 ; overall least square mean: 2.39 ± 0.07 vs. 2.07 ± 0.07; p < 0.05). Since liver is the main target organ for accumulation and detoxification of xenobiotics [29] , it is highly probable that frogs lived in areas with intensive herbicides usage would show enlarge liver as a sign of exposure to and accumulation of xenobiotic contaminants. Evidence of detoxification activity was shown in report by Parvez and Raisuddin [30] that herbicide paraquat can reduce glutathione levels in liver of Channa punctata fish so that the liver have to work harder in order to eliminate this herbicide and other contaminant. The similar finding in the same species of frog was reported by Othman [24] that the rice frogs lived in cadmium contaminated agricultural areas tended to have larger and heavier liver as a result of xenobiotic exposure. No significant site-related difference in renosomatic index (RSI) was found in both male (Figure 2 ; overall least square mean: contaminated site = 0.39 ± 0.01, reference site = 0.39 ± 0.02, p > 0.05) and female frogs (Figure 3 ; overall least square mean: contaminated site = 0.41 ± 0.01, reference site = 0.42 ± 0.01, p > 0.05). It is possible that kidney is not the main target organ for accumulation or detoxification of these herbicides.
No significant site-related difference in the relative testicular weight (Figure 2 ; overall least square mean: contaminated site = 0.23 ± 0.01, reference site = 0.23 ± 0.01, p > 0.05) was found in these frog populations, partly due to high individual variation and small sample size. However, the gonadosomatic index of female frogs (ovarian weight, Figure 3 ) in contaminated site was significantly higher than those of the reference site frogs (overall least square mean: 8.03 ± 0.70 vs. 5.48 ± 0.68; p < 0.05). The larger ovary in contaminated site frog is possibly due to effects of herbicides on ovarian growth. Herbicide used in agricultural area of Nan Province, especially atrazine, is a known endocrine-disrupting chemicals [12, 31] that can exert several estrogenic effects [13] [14] [15] [16] .
Interestingly, most of the previous report on estrogenic effects of atrazine focused on effect on male frog, with few study on female frogs. This study is one of a rare evidence of potential effect of atrazine on reproductive system of female frog. Estrogen is a gatekeeper of female reproductive health [32] , therefore contaminant with estrogenic effect should be as effective to some extent. Although female frogs from agricultural areas with intensive herbicide utilization had higher GSI value, the larger and heavier ovary is not always beneficial to animals. In this study, gross anatomy examination revealed that the heavier ovary with mature eggs in the contaminated site frog was found even in dry period when egg laying was not possible since every temporary water bodies was dried up. Therefore, stimulating effect of atrazine herbicide may lead to reduce fecundity fitness of frog living in contaminated site in the future.
Since conflicting results on estrogenic effects of atrazine are also evident in many studies [33] [34] [35] . One may argue that reproductive effects of atrazine were still uncertain. However, other herbicides used in this area also showed potential reproductive effects. Paraquat and glyphosate were found to have impacts on reproductive system of Rana esculenta [18] . Glyphosate alone was also toxic to tadpole of Rhinella arenarum [28] and could increase stress in many frog species [17] . Since pesticides are known to cause adverse effect in synergistic fashion [14] , mixture of herbicides used in the agricultural areas of Nan Province may also act in similar ways. To further elucidate relationship between herbicide utilization and contamination as well as adverse effects to the populated frogs, contaminant analysis for herbicide residues in frog tissue is needed in the future study. In addition, although the rice frog is listed as the least concern species in the IUCN Red List of Threatened Species [36] , influence of herbicide should be further examined in regard to potential effects on population of the rice frog as well.
Conclusion
Although many researches in regard to effects of pesticide on amphibians were available, majority of them was based on laboratory studies [13] [14] [15] [17] [18] with limited information on the actual impact in field environment where synergistic effects of other factors were inevitable [14] . The current study is among a few published researches [8, 37] aimed to monitor natural populations of amphibian living in the agricultural area. Overall, the current results suggest that herbicides utilization in agricultural areas could bring about adverse impacts on health status of the populated rice frog. This study could be used as early warnings of environmental health problems for other vertebrates living near the agricultural areas including human. 
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